1. Introduction. -Modem line shape studies, especially by non-linear spectroscopy, are a sensitive tool for the investigation of velocity-changing collisions in low pressure gases [1] . These collisions affect both the various level populations and the off-diagonal density matrix elements.
A theoretical description of these effects requires the knowledge of the elastic collision kernel W.,(v' -+ v) associated with each density matrix element pxx,(r, v, t). The collision kernels may be written as products of scattering amplitudes for the a and a' states,
f.(V' -VR).T.'(V'R,
-+ vR), multiplied by Dirac distributions expressing energy and momentum conservation, and averaged over all possible perturber velocities [2] [3] [4] [5] [6] [7] . If In the past many studies have used either phenomenological [8] [2] [3] [4] [5] [6] [7] [8] [9] [10] . We have shown [9] (3) it is a good approximation to replace the summations over I by integrations over I and to approximate both P, and ð, as continuous functions of I. The result is the familiar expression of the semi-classical scattering amplitude at small angles : (6) 0 or SCSA approximation [13] . In that case and for a 4 erg potential V(r) = ----r one can observe that the SCSA scattering amplitude is easily expressed [9, 14] in terms of the convenient dimensionless parameters t = b/bo and x = kbo 0 by :
In its limits of validity, this function F(x) is a universal representation of fsc(0, k) which can be tabulated and used for any r-6 potential, whatever the energy E and the scattering angle 0 may be. 4 . Validity of F(x) for the calculation of collision kernels. -4.1 NUMERICAL EVALUATION OF F(x). - The main difficulty of the evaluation of F(x) is the rapid oscillation of the integrand of equation (7) in the vicinity of t = 0. The real and imaginary parts of F(x) can be written with u = t2 as :
The integrations were performed by splitting the two integrals into several parts. The is consequently a quite sharp function of where up is the thermal velocity of the perturber [6, 9, 17] . The influence of selective elastic scattering l v' -vl corresponding to small I V' -+ v and involving small uP scattering angles, is therefore predominant.
(ii) Bernstein [18, 19] figure 2 .
The maximum G of I g( ç, w, !') occurs always for &#x3E;, 0.92 ÇMax(W) as predicted by the above consilg(t w v)l derations, and G -is negligible for 5 Max(w).
The range of validity of F(x) equation (9) The smaller is C, the higher is the exactness of the result obtained with the use of equation (10) . Let [20] in the fundamental state, C = 4 X 10-2; and the function F(x) can be effectively used for the calculation of the collision kernel with a good precision.
( [13, 20, 22] . Let us resume here the main features of V*(y) illustrated in figure 12, p. 314 of Ford and Weeler [13] . For y2 = 0, Yo(y) has a negative minimum V: = -1 and the number of bound levels depends on B [23] . figure 5 .
Finally, one may notice that if the first real resonance for kbo &#x3E; 2.29, occurs for a same value of 1 in two different systems, then the behaviour of f *(0, k) is very similar for these systems in the first two regions. See for example CH4-CH4 and 12-12 (1 = 4), H-Xe and Ar-Ar (1 = 5), H2-Ar and Li-Kr (1 = 7). This will be discussed elsewhere [25] .
(iii) When kbo &#x3E; kb' where kbo = Min (31.6, kbo b), and as kbo increases, we first run across a region where the oscillations due to the glory contribution modulate the average behaviour of f*(O, k). At 0 = 0 the average values of Re f *(0, k) and Im f *(0, k) (Fig. 5) are equal respectively to Re F(O) and Im F(o) given in equation (8) .
The deviations from F(kbo 0) diminish in magnitude and increase in frequency with increasing kbo.
For heavy systems such as 12-12 it is well known [ 13] [29] may be used to calculate the glory contribution. In this region, the behaviour of the reduced scattering amplitude f *(0, k) is similar for any L.J. system. At last, for kbo &#x3E; 0.74 B [26, 30] , we enter the region of high energies where the behaviour of /*(0, k) is semi-classical but where the repulsive part of the potential cannot be neglected. In figure 5 (18) are not fulfilled it is more convenient to use the conditions (17) to evaluate the degree of approximation of equation (10) .
One may also calculate the value of kbo when Ç/ÇMax = 0.1 (or 0.25 for less restriction) and evaluate from figure 5, or an equivalent one the uncertainty due to the different behaviour of F(kbo 0) and f* (kbo 0).
Let vl and Vz be the transverse and longitudinal components of v with respect to the light wave vector. We can define a collision kernel for Vz by [7] [8] [9] As an example, figure 6 illustrates the results of a numerical evaluation of W',,,, W',,,, and W xx as given by equation (10) in the case of 12-12 with Aaarbitrarily chosen to be twice Aa [9] . It The vR integral may be performed with the delta function provided some precautions are taken :
(ii) The point w = 0 corresponding to 0 = 0 must be excluded.
(iii) The 0Q integration must be restricted to with = 2013 201320132013.
This is the general result of equation (2). COS0R
If the potential is V(r) = - 4 Ero/r6 we can introduce the dimensionless parameter :
Remembering the following definitions :
it is easy to see that Aa is equal to kbo when vR = u. Hence, In the range of validity of the reduced scattering amplitude F(kbo 9) we obtain :
where the first factor has the dimension of a collision kernel and corresponds to the state a' for which the potential is also supposed to be a r-6 potential. Similarly in partial wave calculations, the contribution of the repulsive potential may be evaluated from the value of RI (tsc), with tsc defined in equation (C. 9).
